SUMMARY
Congenital tracheal stenosis is a rare, lifethreatening condition in infants 1, 2 . Tracheoplasty for congenital tracheal stenosis is often performed under cardiopulmonary support 1, 2 . It is difficult to maintain enough ventilation during tracheal manipulation, consequently, several postoperative respiratory complications including tracheal bleeding and wound leakage are relatively common 1 . During mechanical ventilation [3] [4] [5] [6] , tension pneumopericardium is a rare but serious complication. There have been few reports describing this complication in association with tracheoplastic surgery. We report a case of postoperative fatal tension pneumopericardium in an infant receiving mechanical ventilation after tracheoplasty in spite of the intraoperative placement of a mediastinal drainage tube.
CASE REPORT
A male, term infant was noted to have a cardiac murmur and biphasic stridor from birth. Patent ductus arteriosus (PDA) was diagnosed by echocardiography and he underwent PDA closure at three months and, at the same time, a bronchoscopy was performed which revealed complete tracheal rings from 1 cm below the vocal cords to the carina.
The infant was immediately transferred to Osaka University Hospital for tracheoplasty. Due to the extent of the stenotic lesion and the degree of carinal involvement, we used extracorporeal membrane oxygenation (ECMO) for intraoperative cardiopulmonary support. The pericardium was opened and the aortic arch was exposed. An aortic cannula and single right atrial cannula were inserted and partial cardiopulmonary support initiated. Under ECMO support, an incision was made in the anterior wall of the trachea extending the entire length of the constricted segment. Tracheoplasty was carried out using costal cartilage. Intraoperative flexible bronchoscopy was performed to make sure that all tracheal stenosis had been eliminated. The soundness of the tracheoplastic sutures was confirmed by the leak test with 25 cmH 2 O positive airway pressure. Cardiopulmonary support was successfully discontinued after the initiation of mechanical ventilation. Before closing the sternum, a drainage tube was placed at the upper mediastinum near the carina and the patient was transferred to the intensive care unit.
Postoperatively, conventional mechanical ventilation was utilized via an endotracheal tube positioned just above the carina. To avoid disturbance of the wound, the patient remained sedated and paralysed with morphine 20 µg/kg/hr and vecuronium 0.1 mg/kg/hr and underwent pressure-controlled ventilation (PIP 23 cmH 2 O, PEEP 5 cmH 2 O, RR 30/min, FiO 2 0.5, Ti 0.6 sec) .
About 24 hours after the operation, arterial blood gas analysis showed a respiratory acidosis; pH 7.24, BE -4.2, P a O 2 88 mmHg, P a CO 2 81 mmHg, (FiO 2 0.5). Fibreoptic bronchoscopy revealed airway stenosis at the left main bronchus due to mucosal oedema formation and methylprednisolone 125 mg was administered. Subsequently, the SpO 2 fell below 90% and manual ventilation was commenced, whereupon the saturation returned to 100%. Arterial blood gas analysis showed pH 7.22, BE 3.4, P a O 2 407 mmHg, P a CO 2 82 mmHg (FiO 2 1.0 ). An hour later, the patient suddenly deteriorated with bradycardia (43 beats/minute), the blood pressure fell from 100/70 mmHg to 30/22 mmHg and peripheral pulses could not be detected. Despite administration of adrenaline 0.2 mg and atropine 0.2 mg, cardiac arrest ensued and cardiopulmonary resuscitation was commenced. An urgent chest X-ray revealed a tension pneumopericardium ( Figure 1 ).
This was assumed to be due to air leakage into the pericardium accompanied by malfunction of the drainage tube. Vigorous cardiac massage brought about in the expulsion of air from the sternal wound. Following partial relief of the tension pneumopericardium, circulation was restored but hypotension persisted and a further drainage tube was surgically inserted into the pericardial space via a subxiphoid approach. The new drainage tube was under constant suction through an underwater seal. Blood pressure immediately returned to 80/40 mmHg and arterial blood gases improved (pH 7.31, BE -4.4, P a O 2 361 mmHg, P a CO 2 44 mmHg) with mechanical ventilation (PIP 28 cmH 2 O, PEEP 7 cmH 2 O, RR 26/min, FiO 2 1.0). A follow-up chest X-ray showed no residual air in the pericardial area (Figure 2 ) .
Unfortunately the infant died suddenly three days later due to unexpected massive airway bleeding.
DISCUSSION
Pulmonary air leak in newborns and infants during positive pressure ventilation is relatively common 6 . Patients who undergo repair of congenital tracheal stenosis are kept paralysed and ventilated for several weeks 1, 6 . Gammon and colleagues barotrauma compared with patients without barotrauma. Tension pneumopericardium is almost invariably associated with IPPV [3] [4] [5] . This complication is the least frequently encountered type of air leak and thus the appropriate therapeutic manoeuvres are less familiar 6 . In this case, relatively high airway pressure was required during mechanical ventilation, due to the persistence of severe stenosis of the left bronchus, which was induced by postoperative mucosal oedema and surgical stricture of the anastomosis site. High airway pressure induced a breach in the tracheoplasty. Then the leaking air intruded into the mediastinum and pericardial cavity. The patient developed tension pneumopericardium despite the presence of a drainage tube.
Because tension pneumopericardium is associated with a high mortality rate, it is crucial to diagnose it accurately and promptly: bradycardia, muffled heart sounds, cyanosis and hypotension have been widely reported 3, 4, 6 and diagnosis can be confirmed by chest radiograph. Positive diagnosis is indicated by air around the heart not rising above the upper border of the pericardium 3, 6 . Air under the inferior surface of the heart can be confirmed by diagnostic chest radiograph 6 . When diagnosis of tension pneumopericardium is made, pericardial air should be removed without delay. Percutaneous pericardiocentesis via a subxiphoid approach using a needle can remove pericardial air. Tube drainage with continuous suction is recommended in cases that show recurrent air accumulation and cardiac tamponade 3, 4, 6, 8, 9 . In our case, partial relief of tension pneumopericardium was achieved by vigorous cardiac massage, probably due to air leakage via the surgical wound. This outcome was fortuitous. In general, immediate pericardiocentesis is necessary for tension pneumopericardium.
